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Description 

The present invention relates to the fabrication of electronic components requiring high precision patterning of thin 
metallic films supported by non-conducting or poorly conducting surfaces. The present invention more specifically relates 
s to a tool, chemical solution and process which enables electroetching of metal patterns on a non-conducting surface by 
means of through-mask processing. The present invention discloses a high speed, high precision electrochemical mi- 
cromachining tool and process for the one sided through-mask micropatterning of conducting foils and films supported 
by insulating material. Methods to resolve the problems related to the loss of electrical contact during the electrochemical 
micromachining process which are generally encountered in one sided electroetching are also described. The electro- 
Jo chemical micromachining tool and process will be applicable to different products that involve one sided etching for 
micropatterning, for example, slider suspension, TAB, controlled collapsible tip connection (C4), and the like. 

The fabrication of many electronic components involve high precision micromachining of thin metallic films or foils 
that are supported by non-conducting or poorly conducting surfaces. In the field of microelectronics, thin films for the 
most part need to be patterned in order to form functional resistors, capacitors or conductors. This patterning of thin 
is films is accomplished by a series of photolithographic and etching techniques. 

The sequence of fabrication for a microelectronic circuit begins with the application of a layer of photoresist to the 
surface of a sample of metallic film or foil. The photoresist, which is a polymeric mixture, is then dried and exposed to 
ultraviolet (UV) light through a photographic mask of the required pattern. Usually, each sample is mounted into a 
step-and-repeat machine that holds the mask above a special reducing lens. The machine exposes the mask to a portion 
20 of the sample, then moves to the next position and exposes it again, doing this repeatedly until the pattern has filled the 
surface area of the sample. The sample is then removed from the machine and the unexposed resist is stripped away. 
The sample is then heated to polymerize the remaining photoresist which acts as a protective layer during the etching 
step. After etching, the remaining photoresist can be removed by a solvent leaving the required thin film pattern on the 
sample. 

25 One such electronic component involving high precision micromachining is the slider suspension which is used in 

disk file electronics. A particular type of integrated slider suspension, comprises a sandwich of stainless steel/Kap- 
ton®/copper films in which a 75 micrometer thick stainless steel foil is laminated on one side of a 6 micron thick Kapton® 
film and a 12.5 micrometer thick copper film on the other side of the Kapton® film. Both metallic layers are patterned 
with photoresist (5 micrometer thick). The fabrication of integrated slider suspensions involves the one sided 

30 through-mask micromachining of the photoresist patterned metallic layers. In the past, the process of chemical etching 
alone has been extensively used to fabricate these components without much success. A few of the principal problems 
of chemical etching for such applications include its inability to yield straight walls and its slow speed. In addition, because 
the process of chemical etching is so highly selective in nature, it requires different processes for stainless steel and 
copper. 

35 The method of electrochemical machining (ECM) of metal workpieces is well known. It is the atom-by-atom removal 

of a metal by anodic corrosion at high speed. In a chemical reaction, the electron transfer between the reacting species 
takes place by the loss of electrons of one species, i.e., oxidation, and the gain of electrons of another species, i.e., 
reduction, at the same site. For an electrochemical reaction to occur, however, the oxidation must take place at a site 
remote from the reduction. In order to accomplish this situation, an electrolyte is interposed between the sample (anode) 

40 at which oxidation occurs and the site where reduction occurs (cathode). 

With respect to the maskless ECM process, the metal workpiece which is to be shaped is the anode and the elec- 
trochemical machining tool that produces the shaping is the cathode. A low voltage source of direct current (dc) is 
connected to the electrodes. While the cathode and anode are held in position by a properly designed fixture, a solution 
of a strong electrolyte is pumped between the two electrodes. If no side reactions occur in the ECM process, the passage 

45 of each Faraday of electrical charge results in the dissolution of an equivalent weight of metal. 

The process of electrochemical machining is widely employed in the automobile and aerospace industries. For 
examples of the uses of the ECM process, see U.S. Patents Nos. 3,235,475; 3,276,988 and 4,083,767 and British Patent 
No. 933,731 . These references all relate to the electrochemical shaping and finishing of large parts. Heretofore the ECM 
technique has not been practiced in the production of thin metallic films or foils. 

so The present invention relates to the use of the electrochemical machining process in the fabrication of microcom- 

ponents by through mask etching of thin foils and films to produce high precision features in the ranges of micrometers. 
In order to achieve such dimensions with uniformity and precision, an electrochemical machining tool will be required 
which can provide both a high rate of mass transport and uniform current distribution at the surface. Furthermore, tor 
thin films supported by insulating material, problems arising from the loss of electrical contact during the process will 

55 have to be overcome. 

The present invention discloses a tool for the electrochemical micromachining of a sample comprising a container 
means for receiving and temporarily retaining an electrolytic solution from a supply source for said solution; a cathode 
assembly positionable within said container means, said cathode assembly comprising receptacle means for supplying 
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the electrolytic solution from said container means, and nozzle means for receiving said electrolytic solution from said 
receptacle means and directing said electrolytic solution against the sample; plate means positioned above said cathode 
assembly for holding the sample facing towards said cathode assembly at a variable distance therefrom; and power 
supply means having a negative terminal connected to said cathode assembly and a positive terminal connected to the 

5 sample. The interelectrode spacing, i.e., the distance between the sample and the cathode assembly, may be manually 
adjusted. In addition, either the plate means or the cathode assembly may be movable in a lateral direction in order that 
the electrolytic solution can be impinged against the entire sample by either moving the sample laterally over the cathode 
assembly or by moving the cathode assembly laterally beneath the sample. The latter scenario is preferable as it can 
save space when large samples are being micromachined. 

io The present invention further discloses a method for electrochemical micromachining of a sample comprising the 

steps of mounting the sample on a plate means above a cathode assembly, making the sample and said cathode as- 
sembly respectively an anode and cathode in an electrical circuit, adjusting the interelectrode spacing between the 
sample and said cathode assembly to a distance sufficient to keep the anode and cathode from interfering with one 
another while also maintaining a charge therebetween, continuously conducting an electric current through the electrical 

is circuit, and continuously circulating an electrolytic solution through said cathode assembly sothat the electrolytic solution 
impinges against the sample as an electrolytic shower to effectively etch the sample. 

The tool and the method of the present invention is to be used in the fabrication of microelectronic components and 
are particularly useful in the one sided through-mask micropatterning of conducting foils and films supported by insulating 
•material. 

20 More specifically, the present invention relates to an electrochemical micromachining method to be used in the 

fabrication of slider suspensions. Because the anodic shape changes can be created in a controlled way by the appli- 
cation of an external current, the electrochemical process of metal removal offers better control over the micromachining 
process than chemical etching. Other advantages include a higher machining rate and the utilization of inert electrolytes. 
Furthermore, the potential dependence of metal dissolution reactions can be used for the selective dissolution of a 

25 metallic layer in the presence of another. By selecting the proper electrical and hydrodynamic conditions, the same 
electrolyte can be employed for the micromachining of several different materials. In addition, due to the fact that vari- 
ations in current density act as a function of the substrate shape and cell geometry, electrochemical micromachining 
can yield anisotropic results. In order to obtain such directional effects during electrochemical machining, a high rate of 
impingement of the electrolytic solution at the active surface is required. 

30 

Fig. 1 is a schematic drawing of the tool of the present invention for the electrochemical microma- 

chining of a workpiece. 

Fig. 2a, 2b and 2c represent detailed schematic drawings of the multinozzle cathode assembly of the tool of the 

35 present invention for electrochemical micromachining. 

Figs. 3a and 3b are scanning electronic microscopy (SEM) photographs of completely etched regions of stain- 

less steel samples electrochemically micromachined by the tool of the present invention 
showing smooth surfaces (Fig 3a) and straight walls (Fig. 3b) 

40 

Figs. 4a and 4b are schematic drawings of electrochemically micromachined samples of integrated slider sus- 

pensions. Figure 4a represents a sample which has had no modifications made thereto. Fig- 
ure 4b represents the same sample as shown in Figure 4a, except that it has been modified 
by the placement of a small plating tape over a particular region. 

45 

Figs. 5a, 5b and 5c are schematic drawings illustrating the problem of the formation of islands of unetched ma- 
terial in wide openings of workpieces (Fig. 5b) as compared to more narrow openings (Fig 
5a) and one useful solution to said problem by the use of dummy photoresist art work (Fig. 5c) 

50 Fig. 6a illustrates the integrated slider suspension design, showing the stainless steel side thereof 

Figure 6b illustrates a suggested artwork design modification to the said integrated slide sus 
pension design. 

Figs. 7a and 7b are SEM photographs of actual work regions electrochemically micromachined by the tool of 

ss the present invention showing the elimination of the problem of island formation (shown in 

Fig. 7a) by a narrowing of the existing opening (shown in Fig. 7b). 

A schematic drawing of the electrochemical micromachining tool of the present invention is shown in Figure 1. It 
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consists of a container means (16) which acts as the reservoir for the electrolyte, a sample holder (24), which can be 
attached to a moving stage (12), positioned above the cathode assembly (18) : a power supply means (10) with its 
negative terminal connected to said cathode assembly (18) and its positive terminal connected to the sample (20), and 
a fluid supply means consisting of a pump (14) and a filter (22) for supplying said electrolyte to said cathode assembly 

5 (18). The electrolyte is pumped from the tank (1 6) through the filter (22) into the cathode assembly (18) from where is 
comes out as an electrolytic shower, impinging against the sample or work piece anode (20). The electrolyte then falls 
by gravity into the reservoir for reuse. 

Figures 2a, 2b and 2c show the details of the cathode assembly. The multinozzle cathode assembly is comprised 
of a nozzle assembly (26), shown in Figure 2a encompassed by an enclosure means (32), shown in Figure 2b. The 

10 nozzle assembly (26) is comprised of receptacle means (34) for supplying the electrolytic solution (30) from the container 
means, and nozzle means or nozzle plate (28) for receiving said electrolytic solution (30) from said receptacle means 
(34) and directing said electrolytic solution (30) against said sample (20). The nozzle plate (28), shown in Figure 2c, 
also acts as the cathode and is mounted over the enclosure (32) with a narrow opening at one end through which the 
electrolyte (30) enters the receptacle means (34) and fills the enclosure before it comes out through the nozzle means 
of the nozzle assembly (26) as electrolyte shower. The sample (20) is mounted on the sample holder (24) and is posi- 
tioned at a desired distance from the cathode nozzle plate (28). The interelectrode distance can be adjusted by a teflon 
spacer controlling means (not shown) attached to the cathode assembly. The sample can either be laterally moved to 
and fro over the multinozzle cathode assembly or the multinozzle cathode assembly can be laterally moved to and fro 
beneath the sample if the electrolytic shower does not impinge onto the entire sample in a stationary mode. The speed 

20 at which the electrolytic shower will move across the sample and the stroke of the sample may be adjusted as desired. 

The electrochemical micromachining tool of the present invention provides conditions of high speed electrolyte 
impingement upon the workpiece thus permitting the effective removal of the dissolved products and of the heat gen- 
erated by joule heating. The tool is suitable for the electrochemical micromachining of various samples of different sizes. 
In the case of samples which are much larger than the nozzle width, the active area during the micromachining process 

25 is defined by the electrolyte which is in contact with the part of the sample. For a stationary sample, the current distribution 
varies over the surface of the sample. The current, and hence the metal removal rate, is high and uniform in the region 
of impingement while a gradual drop of current as a function of distance away from the impingement region leads to low 
metal removal rates. The to and fro lateral movement of the sample or cathode assembly serves to equalize the distri- 
bution of the metal removal rate by compensating for the stray current effect. This is accomplished as every part of the 

30 sample undergoes both high current as well as stray current regions in cycle. 

With slight modifications, the tool can be used for the electrochemical micromachining of parts contained in large 
sheets, plates and cards. The skilled artisan can appreciate that by using a large multinozzle assembly or a series of 
carefully separated multinozzle cathode assemblies, a large area or a specifically designed removal of metal may be 
achieved. The tool of the present invention can also be employed for applications involving continuous flow manufac- 

35 turing. 

The choice of an electrolyte for the electrochemical machining process is generally a salt solution, for example, 
solutions of sodium chloride, sodium nitrate and sodium sulfate. For the purpose of the electrochemical micromachining 
process of the present invention, one having ordinary skill in the art will appreciate that a neutral salt solution is best. 
One of the advantages which a neutral salt solution has is the fact that the metal ions which are formed during anodic 

40 dissolution go into the solution and form hydroxide precipitates which can then be easily filtered out. Consequently, 
these solutions require very little regeneration efforts. Another advantage is that because metal ions'do not remain in 
the solution, metal deposition at the cathode is not an issue. Only hydrogen evolution occurs at the cathode. Yet another 
advantage to the use of neutral salt solutions is that they do not pose any safety threat to the operator. 

Concentrated salt solutions generally produce the best results as they are of high conductivity and generally give 

& high rates of metal dissolution. It should be noted, however, that the solution concentration is limited by the solubility of 
a given salt. Consequently, the concentrations of sodium nitrate and sodium chloride solutions, for example, may range 
between about 1M and about 5M, while for sodium sulfate, about 0.5M is close to its solubility limit in water. Again, it 
will be appreciated by the skilled artisan that a nitrate solution is preferable because under normal conditions, nitrate 
ions do not pose any corrosion problems. The nitrate salt solution is therefore compatible with many metallic materials. 

50 The container means and the enclosure means may be formulated from a material resistant to the electrolyte being 

used, such as plexiglass, PVC and the like. 

The choice of the cell voltage has a significant influence on the rate of dissolution and surface finish. One skilled in 
the art will appreciate that high cell voltage is preferred in order to achieve a high rate of material removal and good 
surface finish. In addition, choosing a relatively high flow rate of the electrolyte is preferable to a lower flow rate as it 

55 enables one to obtain high rates of material removal and to obtain surfaces which are free of reaction products. The 
choice of flow rate will also be dependent upon the size of the sample being micromachined. The larger the sample, the 
greater the volumetric flow rate. 

The interelectrode spacing which is to be used in the electrochemical micromachining process should neither be 
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too large nor too small, generally varying between 1 and 3 mm. An interelectrode spacing which is too small is undesirable 
as the anodic and cathodic reaction products may interfere with one another and lead to sparking and the damaging of 
the workpiece being machined. On the other hand, an interelectrode spacing which is too wide will lead to the need for 
higher cell voltage. Although the speed of the sample may be varied as well, as indicated earlier a relatively high speed 

5 of sample movement is not preferable as it may cause a lack of contact between the electrolyte and the whole surface 
of the sample. A general range of proper sample speed would be from about 0.2 cm/s to about 0.6 cm/s. 

Figure 6a shows the design of the stainless steel side of an integrated slider suspension and is presented to dem- 
onstrate the complications and challenges that are to be encountered during the micromachining of such components. 
The shaded parts of the figure represent the photoresist mask. The unmasked exposed openings are to be microma- 

io chined to fabricate the slider suspension. It should be noted in particular that the exposed openings are of different 
dimensions even though they are to be etched with the same undercutting. The pattern openings vary between 100 and 
2100 micrometer on the stainless steel film and between 50 and 1600 micrometer on the copper film. 

The method of the present invention also discloses the additional steps of initially masking a region of maximum 
opening in the sample and introducing dummy photoresist artwork in regions of wide openings in the sample as well. 

75 The following examples are provided to further illustrate the present invention. 

Example I 

A cathode assembly consisting of a nozzle plate comprise of a 2.54 x 10~ 2 m (one inch) wide, 3.17 x 10~ 3 m (1/8 
20 inch) thick stainless steel plate containing an array of circular holes, 3.1 7 x 10 _3 m (1/8 inch) in diameter, with a spacing 
of 3.17 x 10 _3 m (1/8 inch) from its neighboring hole in each direction was used. The container means, as well as the 
enclosure means, were made of plexiglass. The electrolyte flow rate was maintained constant at 3.79 x 10- 3 m 3 min- 1 
(1 gpm(gallon per minute)) and the interelectrode spacing was adjusted to 1.5 mm. The integrated slider suspension 
sample was moved over the multinozzle cathode assembly at a speed of 0.4 cm/s. 
25 Two different electrolytes were tested. The first was a 3M sodium nitrate and 100 ppm FC-98® surfactant and the 

second was a 3M sodium chloride and 100 ppm FC-98® surfactant. A. small amount of FC-98®, a fluorocarbon based 
surfactant (3M ) : was found to be effective in wetting the surface of the sample and thereby uniformly initiating the metal 
dissolution reaction over the surface. Although FC-98® was used : any non -foaming surfactant can be employed and 
serve the same purpose. The 3M sodium nitrate concentration was found to be preferred from a conductivity and solubility 
30 point of view. 

In both the above indicated electrolytes, high cell voltage (or current density) led to the production of straight walls, 
higher dissolution rate and a smooth electropolished surface. Good results were obtained with voltages of between 
about 5 and about 1 5 volts, with optimum results achieved at about 1 2 volts for stainless steel and about 9 volts for copper. 
Using the above-indicated experimental conditions and a stationary cathode assembly, four passes were sufficient 

35 for the electrochemical micromachining of the stainless steel patterns while three passes were sufficient for the copper 
patterns. One skilled in the art will realize that the number of passes is related to the speed of the sample. That is, the 
higher the speed of the sample, the more number of passes which are required. It should also be evident to the skilled 
artisan that the number of passes is equally dependent on the thickness of the material to be removed on the sample. 
Depending on the number of samples per workpiece, i.e., the sample size, the stroke distance per pass was adjusted. 

40 For the 7.6 cm diameter workpiece with 6 integrated slider suspensions sample of the present example, the stroke 
distance was kept at 10 cm. The electrochemical micromachining of the stainless steel patterns was completed in four 
passes and required only 100 seconds. 

Example II 
45 " ~" 

Figures 3a and 3b are SEM photographs taken of completely etched regions of stainless steel samples which have 
been electrochemically micromachined by the tool of the present invention. The highly smooth surfaces and straight 
walls which were obtained can easily be seen in Figures 3a and 3b respectively. Such results, however, were limited to 
only a certain range of openings. Two different problems were identified during the electrochemical micromachining of 

so both the stainless steel as well as the copper patterns. The first involved the loss of electrical contact at certain locations 
in large openings. This led to the formation of isolated islands of unetched material in those regions. The second problem 
was the overall loss of electrical contact which resulted in the premature stoppage of the electroetching process. 

Step-wise experiments were performed on the same sample in order to determine the region where the electrical 
contact was lost. It was found that the loss of electrical contact took place at the region of maximum opening. Subse- 

55 quently, the region of the maximum opening was masked by a plating tape and the experiments repeated. The plating 
tape can be any type of an insulating tape with adhesive that is resistant to high temperatures, acids and alkali. The 
results of the micromachining behavior on the sample with the maximum opening masked by a plating tape were much 
improved. The results are illustrated in Figures 4a and 4b. Figures 4a represents the electrochemically micromachined 
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sample without any modification made thereto. The dark regions inside the various openings depict the unetched islands 
of material. The region of the maximum opening is indicated as Region A. Figure 4b shows the same sample, except, 
that Region A has been covered by a small plating tape (40). The dark regions inside the various openings of Figure 4b 
are much less and represent a vast improvement in the micromachiningor etching behavior. The narrowing down of the 
5 wide opening of Region A prevented the loss of electrical contact at that location and led to the great improvement in 
underetching. Although there is much less unetched material shown in Figure 4b then in Figure 4a, the problems arising 
from the loss of electrical contact is still noticeable as islands of unetched material can still be observed in Figure 4b. 

Example III 

10 

It was further found that the remaining unetched regions described above in relation to the sample represented by 
Figure 4b arose from the non-uniform current distribution problems which occurred on the dissolving surfaces of existing 
wide openings. This problem and a method of solution are illustrated in Figure 5. Figures 5a, 5b and 5c show sample 
workpieces, each consisting of a metal film (52) deposited on a polyamide (54) and coated with photoresist (50) and 
is having various sizes of openings. As the electrochemical micromachining process proceeded with time, the boundary 
of an existing cavity continually changed. The changing boundary line is represented in each of the cavities in Figures 
5a, 5b, and 5c. 

Kuiken (Proc. R. Soc , A392, 199-225, 1984) has developed the mathematical modeling of the moving boundary 
for chemical etching where the etchant species has been considered to be diffusion controlled. It has been shown that 

20 for sufficiently wide openings, etching occurs faster at the edges of the opening than at its center, and produces the 
well-known bulge effects at the corners of the openings. Similar phenomena has been found to occur during the elec- 
trochemical micromachining of wide openings. As shown in Figure 5b, more etching occurred at the edges of the opening. 
In addition, due to the faster rate of dissolution at the edges of the opening, an island of unetched material (56) remained 
which lost contact with the rest of the metallic surface. This problem was resolved, in principle, by converting the wide 

25 opening situation depicted in Figure 5b to a situation concerning a number of more narrow openings more similar to 
Figure 5a where the problem was at a minimum. This was achieved by the introduction of dummy photoresist artwork 
(58) as shown in Figure 5c. The process of introducing dummy photoresist artwork involves the inclusion of some oth- 
erwise non-functional patterns (lines and the like) in the photolithography step. For best results, the dimensions of the 
dummy photoresist artwork should match the undercutting of the dummy photoresist artwork from both sides such that 

30 as the micromachining process is completed in the vertical direction, the dummy photoresist falls off yielding a clean 
straight walled micromachined wide trench. 

In order to design the dimensions of the dummy photoresist artwork, a knowledge of undercutting and its dependence 
on the width of the opening is required. The undercutting has been experimentally determined by measuring the initial 
photoresist opening and the dimension of the trench formed after electrochemical micromachining. The latter dimensions 

35 were measured after removing the photoresist layer. Said measurements were performed only for micromachined trench- 
es which were completely etched, i.e., without any unetched material remaining within the trenches. The results indicated 
that the undercutting is independent of the line opening and mainly dependent on the thickness of the metallic layer 
undergoing the micromachining. For 75 micrometer thick stainless steel, an average value of undercutting was 50 mi- 
crometer. 

<o For 1 2.5 micrometer thick copper, an average value of undercutting was 6 micrometer. 

Based on the above-described experimental results, photoresist artwork design modifications are suggested that 
include the introduction of dummy art work and the reduction of the large openings wherever possible. A suggested 
modified art work design for the stainless steel side of the integrated slider suspension is shown in Figure 6. As indicated 
earlier, Figure 6a represents the design of an integrated slider suspension without any modifications. The dummy pho- 

45 toresist lines (60), 100 micrometer wide (2x undercutting) can be seen in Figure 6b. It should be noted that some of the 
dimensions in the present artwork of Figure 6a are not functional, i.e. not necessary for the proper use of the integrated 
slider suspension, and can be reduced without any adverse effect on the functioning of the component. 

It has been shown above that the problems related to the loss of electrical contact during the electrochemical mi- 
cromachining process can indeed be eliminated by reducing the size of existing openings. Figure 7 illustrates the results 

50 of the elimination of the problem of island formation by narrowing the opening. Figure 7a is a SEM photograph showing 
a work region with a wide opening which after being electrochemically micromachined has remaining unetched material 
which can be easily seen. The SEM photograph of Figure 7b is of a work region where the opening had been reduced 
by the application of a lacquer. As is illustrated by the photograph in Figure 7b, the product is clean after the electro- 
chemical micromachining process. 

55 The concept of introducing dummy photoresist artwork involves a delicate balance between the lateral and the 

vertical dissolution on the one hand and the width of the dummy photoresist on the other hand. The choice of the proper 
dummy artwork dimensions will lead to a complete removal of the material from the trenches. Under conditions where 
some last traces of unetched materials are difficult to be removed by the electrochemical micromachining process, the 
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process of chemical etching may be used to effectively remove the unetched islands without significantly altering the 
wall angle. Since only very small amounts of material are to be removed by the chemical etching method, a two-step 
process involving both electrochemical micromachining and chemical etching would be much more effective than a 
chemical etching process alone. 

5 

Claims 

1 . A tool for electrochemical micromachining of a sample (20) comprising: 

10 

container means (1 6) for receiving and temporarily retaining an electrolytic solution from a supply source for 
said solution; 

a cathode assembly (18) positionable within said container means, said cathode assembly comprising recep- 
is tacie means for supplying the electrolytic solution from said container means, and nozzle means for receiving 

said electrolytic solution from said receptacle means and directing said electrolytic solution against said sample 

(20); 

plate means positioned above said cathode assembly (1 8) for holding the sample facing towards said cathode 
20 assembly at a variable distance therefrom; and 

power supply means (10) having a negative terminal connected to said cathode assembly (18) and a positive 
terminal connected to said sample (20). 

25 2. A tool according to Claim 1 , wherein means is provided to impart lateral movement to said plate means to facilitate 
lateral displacement of the sample relative to said cathode assembly. 

3. A tool according to Claim 1 , wherein said cathode assembly is laterally movable to facilitate lateral displacement of 
said cathode assembly relative to the sample. 

30 

4. A tool according to Claim 1 , wherein an enclosure encompasses said cathode assembly and a nozzle plate mounting 
said enclosure means is arranged thereon so as to form a cover. 

5. A tool according to Claim 4, wherein said nozzle plate has an array of circular holes comprising said nozzle means 
35 from which the electrolytic solution impinges against the sample as an electrolytic shower. 

6. A tool according to Claim 1 , wherein said container means is operatively connected to a pump, filter and said recep- 
tacle means of said cathode assembly. 

40 7. A method for electrochemical micromachining of a sample comprising the steps of: 

(a) mounting a sample on a plate means above and facing towards a cathode assembly; 

(b) making the sample and said cathode assembly respectively an anode and cathode in an electrical circuit; 

45 

(c) adjusting the interelectrode spacing between the sample and said cathode assembly to a distance effective 
to keep the anode and cathode from interfering with one another while also maintaining a charge therebetween; 

(d) continuously conducting an electric current through the electrical circuit; and 

50 

(e) continuously circulating an electrolytic solution through said cathode assembly so that the electrolytic solution 
impinges against the sample as an electrolytic shower to effectively etch the sample. 

8. A method according to Claim 7, wherein said electrolytic solution comprises a neutral salt solution, preferably con- 
55 sisting essentially of sodium nitrate or sodium chloride. 

9. A method according to Claim 7 or 8, wherein said electrolytic solution includes a non-foaming surfactant. 
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10. A method according to Claim 7, wherein the cell voltage is between about 5 volts and about 15 volts, preferably 
between about 9 volts and about 12 volts. 

11. A method according to Claim 7, wherein said interelectrode spacing is at a distance of from about 1 mm to about 
5 3 mm, preferably about 1 .5 mm. 

12. A method according to Claim 7, wherein the electrolytic solution impinges against the sample at a flow rate of about 
3.79 x 10/- 3 m 3 min- 1 (about 1 gpm). 

10 13. A method according to Claim 7, wherein said plate means or said cathode assembly is laterally movable to displace 
the sample at a speed of about 0.2 cm/s to about 0.6 cm/s, preferably 0.4 cm/s. 

14. A method according to Claim 7, which comprises the step of initially masking a region of a maximum opening in the 
sample before step (a). 

15 

15. A method according to Clam 14, wherein said region of maximum opening is masked with a plating tape. 

1 6. A method according to Claim 7 or 1 4 which comprises the step of introducing dummy photoresist artwork into regions 
of wide openings in the sample prior to step (a). 

20 

17. A method according to Claim 16, wherein said dummy photoresist artwork matches the undercutting of said dummy 
photoresist artwork from opposite sides thereof. 

18. The method according to Claim 7, wherein the sample is a thin metallic film, preferably an integrated slider suspen- 
ds sion, supported by non-conducting or poorly conducting surfaces. 


Patentanspruche 

30 1. Vorrichtung zur elektrochemischen Mikrobearbeitung einer Probe (20), die beinhaltet: 

Behaltermittel (16) zum Aufnehmen und temporaren Halten einer elektrolytischen Losung von einer Versor- 
gungsquelle fur die Losung; 

35 einen Kathodenaufbau (18), der innerhalb der Behaltermittel positionierbar ist : wobei der Kathodenaufbau 

Behaltnismittel zur Zufuhrung der elektrolytischen Losung von den Behaltermitteln und Dusenmittel zum Auf- 
nehmen der elektrolytischen Losung von den Behaltnismitteln und Richten der elektrolytischen Losung gegen 
die Probe (20) beinhaltet; 

40 Plattenmittel, die Ober dem Kathodenaufbau (18) positioniert sind, urn die Probe so zu halten, daB sie dem 

Kathodenaufbau in einer variablen Entfernung von demselben gegenuberliegt; und 

Stromversorgungsmittel (10) mil einem negativen AnschluB, der mit dem Kathodenaufbau (18) verbunden ist, 
und einem positiven AnschluB, der mit der Probe (20) verbunden ist. 

45 

2. Vorrichtung gemaB Anspruch 1 , wobei Mittel vorgesehen sind, urn den Plattenmitteln eine laterale Bewegung zu 
verleihen, urn eine laterale Verschiebung der Probe relativ zu dem Kathodenaufbau zu erleichtern. 

3. Vorrichtung gemaB Anspruch 1, wobei der Kathodenaufbau lateral beweglich ist, urn eine laterale Verschiebung 
so des Kathodenaufbaus relativ zu der Probe zu erleichtern. 

4. Vorrichtung gemaB Anspruch 1 ; wobei eine Einfassung den Kathodenaufbau umgibt und eine die Einfassungsmittel 
befestigende Dusenplatte unter Bildung einer Abdeckung darauf angeordnet ist. 

55 5. Vorrichtung gemaB Anspruch 4, wobei die Dusenplatte eine regelmaBige Anordnung von kreisformigen Offnungen 
aufweist, welche die Dusenmittel enthalten, von denen die elektrolytische Losung als eine elektrolytische Dusche 
auf die Probe trifft. 
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6. Vorrichtung gemaG Anspruch 1 , wobei die Behaltermittel funktionell mit einer Pumpe, einem Filter und den Behatt- 
nismitteln des Kathodenaufbaus verbunden sind. 

7. Verfahren zur elektrochemischen Mikrobearbeitung einer Probe, das die Schritte umfaGt: 

5 

(a) Anbringen einer Probe auf einem Plattenmittel oberhalb eines Kathodenaufbaus und diesem zugewandt;- 

(b) Bewirken, daG die Probe beziehungsweise der Kathodenaufbau eine Anode und eine Kathode in einem 
elektrischen Schaltkreis bilden; 

10 

(c) Einstellen des Zwischenelektrodenabstands zwischen der Probe und dem Kathodenaufbau auf eine Ent- 
fernung, die bewirkt, daG die Anode und die Kathode von gegenseitiger Wechselwirkung abgehalten werden, 
wan rend gleichzeitig eine Ladung dazwischen aufrechterhalten wird; 

is (d) kontinuierliches Leiten eines elektrischen Stroms durch den elektrischen Schaltkreis; und 

(e) kontinuierliches Zirkulieren einer elektrolytischen Losung durch den Kathodenaufbau, so daG die elektroly- 
tische Losung als elektrolytische Dusche auf die Probe trifft, um die Probe wirksam zu atzen. 

20 8. Verfahren gemaG Anspruch 7, wobei die elektrolytische Losung eine neutrale Salzlosung beinhaltet, die vorzugs- 
weise im wesentlichen aus Natriumnitrat oder Natriumchlorid besteht. 


9. Verfahren gemaG Anspruch 7 oder 8, wobei die elektrolytische Losung ein nicht schaumendes Tensid beinhaltet. 

25 10. Verfahren gemaG Anspruch 7, wobei die Zellenspannung zwischen etwa 5 Volt und etwa 15 Volt liegt, vorzugsweise 
zwischen etwa 9 Volt und etwa 12 Volt. 


11. Verfahren gemaG Anspruch 7, wobei der Zwischenelektrodenabstand auf einer Entfernung von etwa 1 mm bis etwa 
3 mm liegt, vorzugsweise etwa 1 ,5 mm. 

30 

12. Verfahren gemaG Anspruch 7, wobei die elektrolytische Losung mit einer FluGrate von etwa 3,79 x 10 -3 m 3 min _1 
(etwa 1 Gallone pro Minute) auf die Probe trifft. 

13. Verfahren gemaG Anspruch 7, wobei die Plattenmittel oder der Kathodenaufbau lateral beweglich sind, um die 
35 Probe mit einer Geschwindigkert von etwa 0,2 cm/s bis etwa 0,6 cm/s, vorzugsweise 0,4 cm/s, zu verschieben. 

14. Verfahren gemaG Anspruch 7, das den Schritt einer anfanglichen Maskierung eines Gebiets einer maximalen Off- 
nung in der Probe vor dem Schritt (a) beinhaltet. 

40 15. Verfahren gemaG Anspruch 14, wobei das Gebiet maximaler Offnung mit einem Plattierungsstreifen maskiert wird. 

16. Verfahren gemaG Anspruch 7 oder 14, das den Schritt der Einbringung einer Photoresist-Hilfsvorlage in Gebiete 
von weiten Offnungen in der Probe vor dem Schritt (a) beinhaltet. 

45 17. Verfahren gemaG Anspruch 16, wobei die Photoresist-Hilfsvorlage an das Unteratzen der Photoresist-Hilfsvorlage 
von gegenuberliegenden Seiten derselben angepaGt ist. 

18. Verfahren gemaG Anspruch 7, wobei die Probe ein dunner metallischer Film ist, vorzugsweise eine integrierte Lau- 
feraufhangung, der von nicht leitenden oder schlecht leitenden Oberflachen getragen wird. ' 

so 


Revendications 

1. Outil pour le micro-usinage elect rochimique d'un echantillon (20) comprenant : 

un vase (16) pour recevoir et conserver temporairement une solution electrolytique provenant d'une source 
d'alimentation de ladite solution; 
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un ensemble cathodique (18) positionnable au sein du dit vase, ledit ensemble cathodique etant compose d'un 
recipient pour assurer ("alimentation en solution electrolytique en provenance du dit vase, et d'une buse pour 
recevoir ladite solution electrolytique en provenance du dit recipient et pour dinger ladite solution electrolytique 
contre ledit echantillon (20); 

5 

un plateau positionne au-dessus du dit ensemble cathodique (18) pour maintenir ledit echantillon face au dit 
ensemble cathodique a une distance variable par rapport a celui-ci; et 

une alimentation (10) dont une borne negative est connectee au dit ensemble cathodique (18) et une borne 
10 positive est connectee au dit echantillon (20). 

2. Outil selon la revendication 1 , dans lequel un element est prevu pour imprimer un mouvement lateral au dit plateau 
pour faciliter le deplacement lateral de I'echantillon par rapport au dit ensemble cathodique. 

is 3. Outil selon la revendication 1 , dans lequel ledit ensemble cathodique peut se mouvoir lateralement pour faciliter le 
deplacement lateral du dit ensemble cathodique par rapport au dit echantillon. 

4. Outil selon la revendication 1 , dans lequel un boitier renferme ledit ensemble cathodique et ou une plaque de buse 
emmanchant ledit boitier est dispose sur celui-ci de maniere a former un couvercle. 

20 

5. Outil selon la revendication 4, dans lequel ladite plaque de buse contient un ensemble de trous circulates englobant 
ladite buse depuis laquelle la solution electrolytique vient frapper I'echantillon sous la forme d'une douche catalyti- 

que. 

25 6. Outil selon la revendication 1, dans lequel ledit vase est connecte fonctionnellement a une pompe, un filtre et au 
dit recipient du dit ensemble cathodique. 

7. Precede pour le micro-usinage electrochimique d'un echantillon comprenant les etapes consistant a : 

30 (a) fixer un echantillon sur un plateau situe au-dessus de et faisant face a un ensemble cathodique; 

(b) faire respectivement de I'echantillon et du dit ensemble cathodique une anode et une cathode d'un circuit 
electrique; 

35 (c) regler Pecartement interelectrode entre Techantillon et ledit ensemble cathodique sur une distance permet- 

tant d'eviter tout forme d'interferences entre I'anode et la cathode tout en maintenant une charge entre celles-ci; 

(d) faire passer en continu un courant electrique a travers le circuit electrique; et 

40 (e) faire circuler en continu une solution electrolytique a travers ledit ensemble cathodique de facon a ce que 

ladite solution electrolytique vienne frapper I'echantillon sous la forme d'une douche electrolytique pour attaquer 
efficacement ledit echantillon. 

8. Procede selon la revendication 7, dans lequel ladite solution electrolytique est composee d'une solution saline 
45 neutre, de preference a base de nitrate de sodium ou de chlorure de sodium. 

9. Procede selon la revendication 7 ou 8, dans lequel ladite solution electrolytique comprend un agent tensio-actif non 
moussant. 

so 10. Procede selon la revendication 7, dans lequel la tension de pile est comprise entre environ 5 volts et environ 15 
volts, de preference entre environ 9 volts et environ 1 2 volts. 

11. Procede selon la revendication 7, dans lequel ledit ecartement interelectrode correspond a une distance comprise 
entre environ 1 mm et environ 3 mm, et est de preference de 1 ,5 mm. 

55 

12. Procede selon la revendication 7, dans lequel la solution electrolytique se heurte contre I'echantillon a un debit 
d'environ 3,79 x 10~ 3 m 3 /min- 1 (environ 1 gpm). 
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13. Precede selon ta revendication 7, dans lequel ledit plateau ou (edit ensemble cathodique peut se mouvoir laterale- 
ment pour deplacer I'echantillon a une Vitesse comprise entre environ 0,2 cm/s et environ 0,6 cm/s, vitesse de 
presence 6gale a 0,4 cm/s. 

14. Procede selon la revendication 7 comprenant I'etape consistant a masquer initialement une zone d'ouverture maxi- 
male dans I'echantillon avant I'etape (a). 

15. Procede selon la revendication 14, dans lequel ladite zone d'ouverture maximale est masquee avec une bande de 
placage. 

16. Proc6de selon la revendication 7 ou 14 comprenant I'etape consistant a introduire un motif de photoresist fictif dans 
des zones de grandes ouvertures dans I'echantillon avant I'etape (a). 

17. Proc6de selon la revendication 16, dans lequel ledit motif de photoresist fictif fait se correspondre les attaques 
15 laterales du dit motif de photoresist fictif en provenance de cotes opposes de celui-ci. 

18. Procede selon la revendication 7, dans lequel I'echantillon est une couche metallique mince, de preference une 
suspension coulissante integree, portee par des surfaces non conductrices ou faiblement conductrices. 

20 
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